INTRODUCTION
============

Urinary incontinence (UI), defined as "the complaint of involuntary loss of urine", \[[@b1-inj-1630432-216]\] is a common condition negatively affecting the quality of life in older adults \[[@b2-inj-1630432-216]\]. The overall prevalence of UI in older men ranges from 13% to 17% in literature from Western countries \[[@b3-inj-1630432-216],[@b4-inj-1630432-216]\]. In Japan, the prevalence of UI was found to be 13.7% in men aged 30 years and above, 15% in men aged 60--70 years, and 22% in men older than 70 years \[[@b5-inj-1630432-216]\]. Despite variations in the reported prevalence of UI in older men as seen in studies from different parts of the world, a consistent increase in prevalence of UI with older adults' age is observed \[[@b3-inj-1630432-216],[@b5-inj-1630432-216],[@b6-inj-1630432-216]\].

Urgency UI is the most prevalent type of UI in men \[[@b7-inj-1630432-216],[@b8-inj-1630432-216]\]. The prevalence of urgency UI in men aged 60 years and above was found to be 2.5%, while the prevalence of mixed and stress UI in the same age group were 1.2% and 1.6%, respectively \[[@b8-inj-1630432-216]\]. Among Japanese men, 6.3% had urgency UI, which is 2.5 times higher than their prevalence of stress UI \[[@b5-inj-1630432-216]\]. Similarly, in Korea, a population-based study reported the prevalence of UI to be 11.6% in men aged 60 years and above, with 6.2% of men reporting urgency UI, making it the most prevalent type of UI \[[@b9-inj-1630432-216]\].

Risk factors for UI in older men include advanced age, diabetes mellitus (DM), hypertension, problems with memory, stroke, functional impairment and benign prostatic hyperplasia (BPH) \[[@b6-inj-1630432-216],[@b7-inj-1630432-216],[@b10-inj-1630432-216]-[@b13-inj-1630432-216]\]. Among these factors, functional impairment and BPH have higher odds of being associated with UI \[[@b6-inj-1630432-216]\]. There is limited information on the prevalence of UI and factors associated with it among older men in the Korean context. The purpose of this study, therefore, was to determine the prevalence of UI and to analyze its association with instrumental activities of daily living (IADL) and BPH in communitydwelling older men in Korea.

MATERIALS AND METHODS
=====================

Study Subjects
--------------

Data pertaining to a total of 6,185 men aged 60 years and above, who participated in the 2008 Actual Living Condition of the Elderly and Welfare Need Survey conducted by the Korean Ministry of Health and Welfare, was analyzed for this study. A total of 15,146 individuals aged 60 years or older (male, 6,185; female, 8,961) were interviewed for the 2008 dataset, but we only selected the male participants for this study. This survey began in 2008, and data was collected to explore population-based information about the living conditions and welfare needs of older Koreans. Deidentified raw dataset of the survey was obtained from the Korean Institute for Health and Social Affairs after registering the study with them. This study was approved by the Institutional Review Board of Hanyang University (approval number: HY-15-085-1).

Measurements
------------

### Demographics and comorbidities

The following demographic data were analyzed: age, body mass index (BMI) and educational level expressed as number of years of education (0--3, 4--6, ≥7). Hypertension, DM, stroke, BPH and depression, which were medically diagnosed, were included in the analysis.

### Definition of UI

Study participants answering "Yes" to the question "Do you have UI?" were defined as having UI.

### Instrumental activities of daily living

To measure the number of IADL, participants were asked about their ability to care for their body, use the telephone, go shopping, prepare food, do housekeeping, go out of the house without transportation, do laundry, manage transportation, take responsibility for their own medications, and handle finances. The responses to choose IADL items including the ability to use the telephone, go shopping, and manage transportation were "totally independent," "need little help," "need a lot of help," or "totally dependent." Responses to the other questions could be "totally independent," "need help", and "totally dependent." A response of "totally independent" was considered to indicate that the individual was not limited for that particular IADL. The total number of limited IADL had a possible range of 0--10 with a higher score indicating a higher level of dependence. This score was analyzed for association with UI.

### BPH

Study participants answering "Yes" to the question "Do you have BPH which was diagnosed by doctor?" were defined as having BPH.

### Walking speed

To measure participants' walking speed, they were asked to walk at normal speed along a 2.5-m tapeline. The time taken to cover the distance was recorded in seconds and expressed as walking speed. This value was measured twice and the mean of these values was used in the analysis.

Statistical Analyses
--------------------

Descriptive statistics including mean, standard deviation (SD), frequency and percentages were used to summarize the general characteristics of the participants. To examine the association between IADL and BPH, and UI, a hierarchical logistic regression model was developed. Model 1 included IADL and BPH. In model 2, demographic variables including age, BMI, and education were added to model 1. In model 3, comorbidities including hypertension, DM, stroke and depression, and walking speed were added to model 2. Statistical analyses were performed using IBM SPSS Statistics version 20.0 (IBM Co., Armonk, NY, USA) and a P-value of less than 0.05 was considered statistically significant.

RESULTS
=======

General Characteristics
-----------------------

The general characteristics of all study subjects are presented in [Table 1](#t1-inj-1630432-216){ref-type="table"}. Mean age of participants was 70.4 years (SD, ±6.7). Approximately half of all study participants had 7 years or more of education while 35% had 4--6 years of education. Fifty-two percent of participants were either overweight or obese while only 5.5% were underweight based on BMI values. Hypertension (39%) and depression (24%) were the most common comorbidities. Only 7.2% of participants had BPH, making it the least common health problem in the study population. The mean limited IADL score was 0.9 (SD, ±2.3), while the mean walking speed for 2.5 m was 3.9 seconds (SD, ±1.5).

Prevalence of UI According to Age
---------------------------------

The prevalence of UI increased with age ([Fig. 1](#f1-inj-1630432-216){ref-type="fig"}). The overall prevalence of UI in all participants was 3.9% and prevalence by age group is presented in [Table 2](#t2-inj-1630432-216){ref-type="table"}. The prevalence of UI in men aged 60--64 years was 1.8% and that in men aged 85 years and above was 11.7%.

Association of IADL and BPH With UI
-----------------------------------

Results of hierarchical logistic regression analysis to determine the association between IADL and BPH with UI are presented in [Table 3](#t3-inj-1630432-216){ref-type="table"}. In model 1, both IADL and BPH were significantly associated with the presence of UI (OR, 1.54; 95% CI, 1.44--1.64 and OR, 2.73; 95% CI, 1.47--5.10, respectively). There was a proportional increase in the OR for UI with the number of limited IADL. Men with BPH were more likely to have UI than men without BPH. Model 2 incorporated age, BMI, and education in addition to IADL and BPH. Both IADL (OR, 1.50; 95% CI, 1.40--1.61) and BPH (OR, 2.68; 95% CI, 1.42--5.07) remained significant factors for UI. The odds ratios for these factors were slightly lower than in model 1. In model 3, comorbidities including hypertension, DM, stroke and depression, and walking speed were added to model 2. Both IADL (OR, 1.43; 95% CI, 1.32--1.54) and BPH (OR, 2.58; 95% CI, 1.36--4.90) were still significantly associated with UI, although the odds ratios were slightly lower than in models 1 and 2. No other factors were found to be significantly associated with UI.

DISCUSSION
==========

We determined the prevalence of UI in community-dwelling elderly men in Korea and analyzed associated factors, with a particular focus on IADL and BPH. The overall prevalence of UI in older men was 3.9%, which is lower than that reported in previous studies \[[@b8-inj-1630432-216],[@b9-inj-1630432-216]\]. The EPIC study \[[@b8-inj-1630432-216]\] analyzing data from five countries including Canada, Germany, Italy, Sweden and the UK reported an overall prevalence of 10.4% for UI in older men. Similarly, Kim et al. \[[@b9-inj-1630432-216]\] reported a prevalence of 11.6% for UI in Korean men. A possible explanation for the wide disparity between the current study and the previous studies could be related to the use of different definitions for UI. In the current study, participants were considered as having UI if they answered "Yes" to the question "Do you have UI?". The two studies cited \[[@b8-inj-1630432-216],[@b9-inj-1630432-216]\] used the 2002 International Continence Society definition of UI as participants having "complaints of any involuntary leakage of urine." With approximately 51% of participants in the current study having less than 7 years of education, it is possible that they may have failed to understand the question asked regarding UI. This factor could have contributed to the low prevalence of UI in our study. Future studies should carefully select a valid and reliable question to assess UI among older adults.

It is well established that the prevalence of UI increases with advanced age. Previous studies found that the prevalence of UI was higher in men aged 40 years and above \[[@b5-inj-1630432-216],[@b8-inj-1630432-216],[@b9-inj-1630432-216]\]. However, there is limited information about its prevalence in different age groups in older Korean men. Anger et al. \[[@b3-inj-1630432-216]\] found an increasing prevalence of UI starting from the age of 60 years. They reported a prevalence rate of 11% for UI in men aged 60--64 years and 31% in men aged 85 years and above. Prevalence of lower urinary tract symptoms (LUTS) in men was 10.6% in the age group 45--49 years compared to 35.4% in those over 80 years \[[@b14-inj-1630432-216]\]. Such a difference between age groups has not been reported in older women \[[@b15-inj-1630432-216]\]. Our findings were consistent with these studies with respect to UI with prevalence rates of 1.8% in the age group 60 and 11.7% for those aged 85 years and above. To summarize, prevalence of UI increases consistently with advanced age regardless of race or country of origin.

We also found that limitations in IADL and presence of BPH were significantly associated with UI in older men. This remained true even after controlling for demographic factors, comorbidities, and walking speed. These findings were consistent with results from previous studies. A 2-year longitudinal population based study found UI to be a significant predictor of IADL decline in both men and women \[[@b11-inj-1630432-216]\]. In addition, a systematic review involving pooled analysis of four studies reported that older men with impaired activities of daily living (ADL) scores had increased odds of having UI \[[@b6-inj-1630432-216]\]. Here, we would like to point out an important research question: should ADL scores and IADL scores be used as predictors or outcomes of UI? Majority of studies consider UI to be a predictor of functional ability, such as ADL and IADL, among older adults. Because our study was based on a cross-sectional design, we could not evaluate whether a higher level of dependency for IADL had an impact on UI in older men. It should be noted, however, that IADL scores are emerging as strong predictors of UI in older men. This has potential implications for health care professionals in recognizing the need to develop interventions focusing on improving independence for IADL in community-dwelling older men.

Urgency UI, which is the most prevalent type of UI in older men \[[@b5-inj-1630432-216],[@b8-inj-1630432-216],[@b9-inj-1630432-216]\], is often related to bladder outlet obstruction secondary to BPH. Markland et al. \[[@b4-inj-1630432-216]\] found that BPH was significantly associated with moderate and severe UI in men aged 40 years and above. The increasing prevalence of BPH seen in Korea reflects its rapidly increasing elderly population. The prevalence of clinical diagnosis of BPH in the 2011 Actual Living Condition of the Elderly Survey was 16.5% \[[@b16-inj-1630432-216]\], which is much higher than the prevalence rate of 7.2% recorded in a similar national survey conducted in 2008. This trend suggests that BPH is emerging as a serious health problem in older men and a corresponding increase in the prevalence of UI secondary to BPH is expected in the near future. Against this background, it is important to consider preventive interventions to reduce the risk of symptomatic BPH, LUTS, and UI. Previous studies have reported that obesity \[[@b17-inj-1630432-216],[@b18-inj-1630432-216]\], physical activity \[[@b19-inj-1630432-216],[@b20-inj-1630432-216]\], and diet \[[@b21-inj-1630432-216]\] have a significant effect on the risk of BPH and LUTS. In particular, there is evidence of a positive correlation between BMI and risk of BPH \[[@b22-inj-1630432-216]\]. We found that more than half of the men in our study were either overweight or obese. Therefore, it may be necessary to develop and apply interventions to modify health behavior towards maintaining optimal body weight.

The strength of the current study is the generalizability of the findings as data for this study was sourced from a sample representative of the entire population of Korea. However, we could not establish a causal relationship between UI and its associated factors owing to the cross-sectional design of the study. Another limitation of this study was that severity and types of UI were not included in the analysis because of the lack of such information in the dataset.

This study has multiple implications for health professionals. Only 9% of older Korean men compared to 25.9% of older European men sought medical treatment for UI \[[@b15-inj-1630432-216]\]. A similar trend was seen in older Korean women who had a low rate of seeking medical treatment for UI \[[@b23-inj-1630432-216]\]. This may be attributed to cultural differences between the two regions on how UI is perceived by older adults. UI is considered to be a normal agerelated change, in general, and therefore educational programs to address knowledge and attitude gaps concerning UI are needed for older adults as well as health care professionals in Korea. In addition, there is a need for gender-specific instruments for screening and assessing UI in older men as there are differences between men and women with respect to the prevalence and types of UI. Though the International Prostate Symptom Score (IPSS) has been widely utilized in research as well as in clinical settings for men, its application is mostly limited to assessing patients with LUTS due to BPH. Moreover, IPSS has limitations in determining the type of UI. A simple, reliable and valid tool to assess UI in older men is needed.

In conclusion, the prevalence of UI in our study population increased with age. However, the prevalence of UI in older men is lower in Korea than that reported from other countries. IADL and BPH were identified as factors significantly associated with UI. They remained significant even after controlling for demographic factors, comorbidities, and walking speed. The prevalence of BPH in the current study might be lower than the actual prevalence because of the low educational status and the use of self-reported questionnaire in defining the population having UI.
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###### 

General characteristics of participants

  Variable                                                                                  Value
  ----------------------------------------------------------------------------------------- ---------------
  Age (yr) (n = 6,185)                                                                      70.4 ± 6.71
  Education (yr) (n = 6,064)                                                                
   0--3                                                                                     928 (15.3)
   4--6                                                                                     2,149 (35.4)
   ≥7                                                                                       2,987 (49.3)
  Body mass index (kg/m^2^)^[a)](#tfn1-inj-1630432-216){ref-type="table-fn"}^ (n = 5,679)   
   Underweight ( \< 18.5)                                                                   311 (5.5)
   Normal (18.5--22.9)                                                                      2,411 (42.45)
   Overweight (23--24.9)                                                                    1,513 (26.6)
   Obese ( ≥ 25)                                                                            1,444 (25.4)
  Comorbidities                                                                             
   Hypertension (n = 6,185)                                                                 2,422 (39.2)
   Diabetes mellitus (n = 6,185)                                                            923 (14.9)
   Stroke (n = 6,185)                                                                       480 (7.8)
   Benign prostatic hyperplasia (n = 6,185)                                                 444 (7.2)
   Depression (n = 6,113)                                                                   1,450 (23.7)
  No. of limited IADL (n = 6,185)                                                           0.85 ± 2.25
  Walking speed in seconds (n = 4,617)                                                      3.87 ± 1.51

Values are presented as mean ±standard deviation or number (%).

IADL, instrumental activities of daily living.

Body mass index classifications by the Asian-Pacific perspective proposed by World Health Organization, International Association for the Study of Obesity, and International Obesity Task Force.

###### 

Prevalence of urinary incontinence by age groups in older Korean men

  Age (yr)   Prevalence, n (%)
  ---------- -------------------
  60--64     23 (1.8)
  65--69     36 (2.1)
  70--74     65 (4.1)
  75--79     59 (6.2)
  80--84     36 (8.6)
  ≥ 85       24 (11.7)
  Overall    243 (3.9)

###### 

Association of IADL and BPH with urinary incontinence in older Korean men

  Variable                                                                      Model 1                                                                  Model 2                                                                  Model 3
  ----------------------------------------------------------------------------- ------------------------------------------------------------------------ ------------------------------------------------------------------------ ------------------------------------------------------------------------
  No. of limited IADL                                                           1.54 (1.44-1.64)^[\*\*\*](#tfn5-inj-1630432-216){ref-type="table-fn"}^   1.50 (1.40-1.61)^[\*\*\*](#tfn5-inj-1630432-216){ref-type="table-fn"}^   1.43 (1.32-1.54)^[\*\*\*](#tfn5-inj-1630432-216){ref-type="table-fn"}^
  BPH                                                                           2.73 (1.47-5.10)^[\*\*](#tfn4-inj-1630432-216){ref-type="table-fn"}^     2.68 (1.42-5.07)^[\*\*](#tfn4-inj-1630432-216){ref-type="table-fn"}^     2.58 (1.36-4.90)^[\*](#tfn3-inj-1630432-216){ref-type="table-fn"}^
  Age (yr)                                                                                                                                                                                                                        
   60-64                                                                        \-                                                                       Reference                                                                Reference
   65-69                                                                        \-                                                                       1.44 (0.61-3.39)                                                         1.35 (0.57-3.19)
   70-74                                                                        \-                                                                       1.26 (0.53-3.01)                                                         1.13 (0.47-2.71)
   75-79                                                                        \-                                                                       1.71 (0.69-4.21)                                                         1.50 (0.60-3.71)
   80-84                                                                        \-                                                                       2.09 (0.77-5.63)                                                         1.73 (0.63-4.74)
   ≥85                                                                          \-                                                                       3.19 (1.06-9.54)                                                         2.99 (0.99-9.01)
  Body mass index^[a)](#tfn2-inj-1630432-216){ref-type="table-fn"}^ (kg/m^2^)                                                                                                                                                     
   Underweight                                                                  \-                                                                       1.40 (0.62-3.13)                                                         1.46 (0.65-3.30)
   Normal                                                                       \-                                                                       Reference                                                                Reference
   Overweight                                                                   \-                                                                       0.57 (0.30-1.12)                                                         0.57 (0.29-1.11)
   Obese                                                                        \-                                                                       1.11 (0.63-1.95)                                                         1.00 (0.56-1.79)
  Education (yr)                                                                                                                                                                                                                  
   0-3                                                                          \-                                                                       Reference                                                                Reference
   4-6                                                                          \-                                                                       1.37 (0.69-2.70)                                                         1.38 (0.70-2.72)
   ≥7                                                                           \-                                                                       1.19 (0.60-2.37)                                                         1.24 (0.62-2.46)
  Comorbidities                                                                                                                                                                                                                   
   Hypertension                                                                 \-                                                                       \-                                                                       1.27 (0.78-2.06)
   Diabetes mellitus                                                            \-                                                                       \-                                                                       1.36 (0.75-2.49)
   Stroke                                                                       \-                                                                       \-                                                                       1.66 (0.85-3.23)
   Depression                                                                   \-                                                                       \-                                                                       1.36 (0.81-2.27)
  Walking speed                                                                 \-                                                                       \-                                                                       1.14 (0.99-1.31)

Values are presented as odds ratio (95% confidence interval).

IADL, instrumental activities of daily living; BPH, benign prostatic hyperplasia.

Body mass index classifications by the Asian-Pacific perspective proposed by World Health Organization, International Association for the Study of Obesity, and International Obesity Task Force.

P\<0.05.

P\<0.01.

P\<0.001.
